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and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space between the projection optical 
system and the substrate with the liquid. 
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#±B L ft H*U±TT* 5 <h^>JS/rL t^Tfe x C O N T l*B*ft»* 

„ ftMPBBCONTIi. SiP±0»v 3 >v h^ S H 

a>**i**i©B**lCft»ltffi»2 0(3j:*»»i 8(D4ttt«frl^ ±EL»u 

i|SH ' *E«»MR YteKttr* Uf^7S8) 0 Iffi^7^ % |BtS 

>©B©BB*«JHfflcfT*)4ife3!Pofes.3 * htmsH' eofftoai 
0 H XDBJfcM* frt) & o fc 0 % bv7h^ (tit L Tnm^tt ZZttf 

★BBJBBlztsnTli. m(D&&JtcDz>*,, B4RP±®BBB«PA(^tttt 
iti^feL 1 *u Ytt#ffi©W«a*&fc*tf LT(ftttJ#L e #8*1***1*. 

0 **iTi^frtr^ »t <nb r e :t^ii 0 , P ±<DJMe 

«*P A(Z)^gPW>S7?»#5 OOjHJK*OTtP^«fci3Sm5 6 CD-ttMfcfc 
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*2 2l«***ir, #A*M*ttfcfc* e JW»e«CONTtt, ^ili^LeCDg 
3t» 2 2 A©»3fett*caitJ^r. £M 5 6 5 0 tiTl^t^ 

TOfcfc 0 , P L P fcOMOtt* 5 0 6 

tl*. CI ©»*!;:* % tttt^L 1 fl>3fc»A(Kft lrS«»2 2 AC#IT#A« 
tt*i:fcSo MNMCONTIi, *3ttB2 2 A(D»*ftJ|IK»^ii-c. $M5 

2 0 (* x PLti^P 5 0 3 £*£tE 

Z©»*l;i*iUTfc. MWMtCONTI*. S=EP±CD«|feCDi> 3 »v K««S 

IK U--tfT^ftCD{iStt)llJ^(3So-UT. »V3^ «SH(D^1 
3fe+lZ***#ifei;&* a *h1»t (^> 3 ,W) SH' fctetttttMR 

astttc ont i:«ae»tmAts e «i»»sc ont ttaEft*tt&s©*£ 
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tt L fc « 13 P L (DttKMlZfti*:^ ^L^l^i^^ 

U±tft« Lfc J: a (3. P L httfi P t (DIHKDffilia 5 6 fzftfc* ftfc 

5 o 1 8 tttui-eftttttwi 2 o « tt (t« :ti:j;D, ffl 5 e 
izsuT/T* - >m*mmz** < ettssttm 1 s onm****^ z t 

*tTOftW2 2B, 2 2Cte»3l6*ti**a)J|JtW|« E *«,^ **Lfc* 
»* t »»LrUftt<D^IBEPIM»LTU«ta)^« jMP 2 2B. 22C0D 

L ©T® 7 fc» LTJJRWr 5 d II J: ^ P L cd T ® 7 13^* Lt t , 
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fetes **jfiJB»Ti±x &iffc2 1 i»«p©jta*fRia>iBWifc(iii^6»iR 

tTfSSo ££s **16^J!gT?ttx 3£«PI3>*UTYtt^-|RllzaftMA/^7Kv 

z<D*rtv K3fel^LT^t5P^x^tSil3^-r2,«k5lz:Lrt«ki>e 

lis Y tt^-lRilZLJStf « ^ <K v h^%afet5PI3S:»r*J;-5l3UT:feJ;t\o 3(D«h 

Tf&BJ3L£#s atSX^-^P S T (Z7f-i/'5 1 ) ±®«-ttH-iWSP#^-b > 

y-zm^m-sizt p l <d«m =& r 3 1 e n 5 0 

iZLTfcJsUo fetes S^T-^-vP S T (ZXf-v5 1 ) ±lz:fl3 UffS^g-fl 
ft«W^-tz>it£D^^fei*)#lzouTli N ^^ 2002-1 400 5-«§-&$B N 
WBB¥1 1-16 8 1 6#&«k 4*MR8 5 7- 1 1 7 2 3 8-*£tik WHffl 1 
- 2 3 8 6 8 0-§-£$B. ^12 0 0 0- 9 7 9 1 6-^&$g s - 3 2 4 9 

ttfell©>S^T:fF^cir ft 3 PI 0 I3te UTs 3 ft 6 ©:M(DfB»|*)^£ jf ffl L 

•unite ±i&Lfzn&mM£m-ximm(Dmm$miz^i\Ti*m-(D&^ 
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0 s £45 P ±13 Itfftft 5 0 (D A R S *iT I * 3 0 fc fc\ 0 8 7? li, 

»«P±II*#5 0*tttt-*-*«|&/x;i,4»U f *«P±(Z)*#:5 0 4 13^5 
M / X;U 5 CDHtf 4 *BS L 7c o 

*^Jf$»JCDWTCD|^BJ|3feLM:ii. SIS P P L 

^6 OtttfaLT^Zm'&lZ-D^TmWfZbK «W 2002-1400 
«x WWPM 1-16 8 1 6*£«L »HMB5 7 - 1 1 7 2 3 8-9^*. 4*69? 
1 1 -2 3 8 6 8 0^$g x ^R3 2000-9791 6^« v 3 2 

4 9 2 3^«&^l3HJ^*tlTUS«fc-5fe. Sfcf-vPS T ( Z*^-v 

5 1 ) ±©*«»a^tt^ir>^a»3te^*PL©3fe^*^6 OCWfilLTU 

Mfflt^*i**i»l^6tlXl\*!ft»3R7 1 £&%Jh7 2i:$fU fe$**7 1 
&»«P±O»#5 0ft^L-caHSP*B (SI*®) !3»«>#GlfrSl*£il3fcLa 
*»ltU S*5P±T:SWL7c^£li7 l c L a 7 2 -uSJfet5 B 

MiBgicoNTii, 7*-t>x&&&7 onmtemm-tztttiz, 
7 2©s3te*ic*^ur. m&mmmzttT%gmpmm<DZMi5faizt$i+z 

^3fe^7 2l*gt£1KitP A*»^Tf±X^|Ria)^-tl?tl<Z)flJll H ft»fl(*(PAfr 
&K*ifctt«lzBH*&*lTl**#s S***7 1MS^7 2 ttftgflUR p A * 
j*A,7? ± Y *|fij(D * tl^'tKDM izmf 6 <fc «fc I \ 0 

7*- ***ai*7 0<D»|**7 1 l**»<D«:»»ft*L.ia9l^-<-«fcaiw, 
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©iE«£Sfll LT2|s:^:a)|B«©-§Ph1-i)o 

-vffiBilP S T D4^lTSt57f-y"P S T(DZ7f-v5 1 (®1 #«B) 

fcsb^s zxf-*>*5 1 lis "7 * — * ^tftas^ 7 o cDtftdii**i3a£-=y < ftum^s 

-C£ftrUfc*£iMfcL. a^^ii-5JSg^^2 7 1 c^W8 2 h tfKI*&*iTl*So St 1 
7"6# W 8 1 fctf* 2 8 2 li N &fi&^ P L ^GD^H^ 6 0 £ li 

»*Lfctt!B«»**iTfeOx fftl Vt^UttS 1 l*7t^m^6 0©-X^IdJ(9J 

££s *1 &9*SP**8 1 »trjR2 3te^«P«8 2 li s «3te#E LtoW&JkXfWSLP 

H8lz^t-«taiZ, aHEP©«3t«LS c Pl333L\TI±s S»^PL4a»L 
fcflt3fc$tEL(Z>&B&. ^$0^3lf60tllP («EP±©8MB«*P A) 
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fc<DlM©«&#E L©3fe»*<£T»ft:5 0T»fc$*iS«fc-5lwH »f*#«SS1t 1 
(H11#bb) ftx 5 0 3b<3£ffi Pilots* tiSo #S&*^6 0 fcWS 
P ©IfflOB^ E L ©7fc8§©£T 5 0 T)Hfc * *U «*S P ±Cl £ 

A R tf&Kflf J* P A (DiT^Io ck -5 ft3f3£©«» t&otht^ ft&ft 
«A RSJBfifc-fSJfcflsS 0I4SS1 &W&8 1 &VJB2^»*f 8 2©^*i^*l 

lUfcHTttx 7 7 0CD^S*^7 1 fr€>WdJS*lfc*til3teL a&tf 
atffiP±l3felt5S«t3feLa©^ISO-5*fll1 3t^SP*t8 1 4:JB2*W4*8 2 

fc^iU^L al±, a^P±CD^3 l 6^P L©i£i*SIigP Al3JH»t*ti4«k"5lZ 

»»«*A R#ffi^©tffreJBJ5££*U J51 3teW#8 1 fc*2 3feW*t8 2 
fc©RS©»fciJ3teL a©3tttO±T*<*ft:5 0T>Ttfc£;h.fc#IKTI4 v 7 *-*7. 

&dsm7 o©*ftw*7 1 ^&»a3**i^«ai^L ai±, i;s 

351 #9W#8 1 Ktfik3mARa)iK#S 0 fcilaSUTStKP (tfc 
»«S«PA) llFffSattlBTRSW**i*o SISP^bOJSItTtLatt, ^S^A 

So *«rntts 7*-*^*m*7 o©aa»*7 1 ^&»ai**ifc*ai3teLa 

tf§S##7 2l^7fe^ti5.h#s »»««ARIipJr3£©!KlS8liJBfifc$*iTt^o 
d©J;ol's 7*-**fcfcb*7 0©g&*7 2 ©ih^l-So'tNT N &tfc&L a 

* So 
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©a*** p a izmm$*iz& o izk o r & o x &gfft* p a *£t?a&# e l 

(D^ttCD'JXfc < hfc-gP^iliil"* eta lUfc oTUSo ZtilZXV, 7*-t>X 

UTiaB^Lfctf. Iff 1 3t^gB*t8 1 ^2^8 2 hfefclxliSE^ 
ft P L CE>$tS«ai(D3fe^*^ 6 O^atckolI-OODIf^Tfe^Wt UT^LT 

(ZctO. iSS^A R 2<Z)Jf^^^$?H$i^-ri)3h^T c 5i >0 ££ v 
sjdfclMTte. SB13t^SP»8 i;Rtf*2*fc5*a}*t8 2 P L I3» L 

H11 Ote N »«««A RG)jttf*5 0 4>HSly&1 8 tfi^S LTHSttJBt^ria 

fett»©*tb3tLa(D-5-fex 8 KlMg feo fc^i±J7 l c L a liSfcSl^®#f &*rfc 

£U£>o 3 tLlI ct ftJS1 8l3^fc-3fc^aJ5feL ate, gftft 7 2 ll&fi&ig 

SO. *f*504»liftl» («W*SP») 1 8*«feS»* N **3R7 2IZ»3t**i* 

©iUAiiat^^Ts Lo^tK±i;^^nfe}a««j*A rcd^s o* 
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sua (m#gp#) 1 B*9t¥mzvtih-tzz£tfi!&?> 0 mmm* 

RliS3fe&E L©7feK±«fi£^tix Sfcs fciiHteL aliBfc&E Lfl!»teKa>- 
®T&5^&^&«#PA^:iBtf^-3fctf>^ 7*- **t*ttJ*7 0li x &%Jk7 2G> 

1 7fe^W8 1 <DWm mft&teW) Ktt*UTU£j£*&1 8 B N SB2 3t^S3*t 
8 2CD5TO UtttfUTUSStigl 8C. »lf«RP±IIf**LT 

HS&JS (^B*) £^fc 0 ZKDJ^Ms JSStI^ A R 5 0 *lzm% 1 8 
^*-*^^iU^7 0CD&M&7 1 A^e>W£ii^nfc^ili3feL a 

lis tt&^jg*f«*£i;x ^pfe^7 2ici>Rrri>7 1 c* (g*t*) M<b£-&*fr* 
3&3iM**a>$fciS«:£<b£-ttTg$fcifc7 2iz:s^^ti&uoDT (^L b#i) N 

II#3tLT^i.^^1 J23fem8 1 N 8 2 IZtf* LT^5fL>S 1 8 ( 1 
8 B N 1 8C) lifc*3A,x »»««ARfeJgfi£t"5J«f*:5 0tp&>?aSLT^3 
8 (1 8 A) iZOUTfc&ibl-SZiitfT^So ZCDtztb, MLa© 

fc-tZSi.fel 8 fc&itJf SCt^T^So W^MCONTIi, 

?.7 0 4ftffiLT«4EP©®{4«1ll«*tttiJLo"=>R3t«k3lfeff -5 0 

*iil*7 0ttx St5PflDS^MS^II^ijb^L afcjfttfU S^EL©^8S± 
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5>^l3fcUTfc»aiR*KA R©>$#5 o ^©^^©ti^tiiits z 1 1 

5 0 *©B&3fe E L ©3tBW^©(4ai3#^-S-5 SIJS 1 8 ^ddT 5 d 
#T** 0 j^M&cpClfcUT* B3te%EL©3fcBJA*©{fc«l;:#&r 

S5i>$1 8**aSSP©»ttllfltoT*#5 0*fc»»LTB#3teEL©3feB±U: 

Ol3J:t>T. B*te&EL©3teBtt*©(ft«;:#ftr3ft»1 8#SS&*EL©& 
B±£E«£;fifc>K a«P^»^*^6 0IM3t-r5«rlZ. *CDft;»1 8£& 
£li*-*3fc#-C£So LfctfoTx B&flyWKUSltT* 00 5 0 4>£># 

*LTHfcftft1 8A<Sl7t^EL©3tSS±^»t5P±l3iBg^*i5Mlz:, 7*- 
**fcfcb*7 0©iij:&i;:£-3i\TfltfS1 8 3&«Bit3feEL©3teB±^«gP±ti3 
fi£;tx£> d^fc^iBJU Wx.tfBJt«ia©ffli±^»$8M©IEHi«?©jiiaj<sjaS 

h 'J ^^«©4ifel3j|R»-r*fe to, g$fc^7 2l3g^6^tL?,mife©^ili3feL 
*i**i©3feB* (£&ft) 7*-*7«tt*7 0(*«|1 8©<£M 

««&#«>S;:fc#-e£3 0 *«C©«iii3tLa©^ti**l©B*t(a«UI 
il»illlS^UT^^^5 0 W^SCONTIi, ffi«fc©«iU3tLa©-5 
S3t^7 2©«^»l3X»TS31fe3«ft3b«fiTUfc*ai3feL a©B«tffiBW 
$Bv &*lW4*©*ttiflfcL al3^J5^-5S^7 2 ©$&g3©&S(&«i;:wr 5 
tffBldSo-UT, m>^1 8©&S (ftifil 8##&Ufc1*attte©3teB) 

sfcx gqi 1 izTji-r&siZs &%ft^mp L<DK¥m*6 o t&fop tcoraiz 
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*f*5 o#+&izmit*tirizm#5 o©-g^ T% aiinAR^® 

&So 7 7 Oli, *©ftf**«AG(D#ili*«ifir«Zi:«feT* 

aiCttft^Aftirw^TiW. B1 I7rli. AMI4tAGttl|l2 3^8D 
**8 2aS»l3JBfi£*tlT:fct) N »»fRi«A RCD)ftft5 0 I** 2 3fe^«B«- 8 2(DS^ 

niztt* (ttM) urufcu 0 7*-aa*tb*7o©j» 
*r*7 1 fr6»aj*tife*ai*Lait, »»mA r©^5 o ^«i#««ag 

t>T, *»«*AR©a*«*HtEL(D3«|*flDft#«i«AG©*j||| x -*-fcfc^ 
S*t3t EL 5 OT»fc*nTUft3bvS3!r*«ai«ii:*<T#*o 

*fe. ^«i:fcu7:t, MMItcONTtt, 7*-*^7 0t« 3 

7 0 (M7 2) ©tol3So-UT. *«P©B**l3Bft3teEL©*K*© 
ft#»»0)*^^«m* L a (D«ft4>Oft{H»M)*it«tlIit« 3 3VT# £> c 
* LT\B*4«*|;:ftl*fM«A G£7*-:b*fc£b^70 T&ih 
ttl»8iCONTIt 77h-*^£ii^7 0©i±J^I3«o'lNr. 0yx.tfB3fcttft 
*ff±Lfc9s 1 l3«fc**f*:^*^»#E|jR» 2 JCJt*j»f*:i5| 

***W»bT*»*«AR*W^©«»t|t»r**a>a«<feM&«ri4: 

mm 1 &tf»*igjfttttt 2 «curs z pii^kmwa r ^^ts 

* 7 0 <z>ft|*£ 7 1 J: 5 LalitSP I^IRIt LooB^MireOttSflMI 
7l5fi£iAft&ffac:t^ch>3, 7*-*^«ai^7 0 (»3fe*7 2) ©WAK:*^ 
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<DttMWE6wm:&^, 812(b) iz*+^ tZs aauwAR^ 

a(D3feSI«f4fiTr*. «i*ICONTIt ^-^^7 0^7 

^Titmftm&mm i ©^^s^^ai^g 2 ©^^g^^ Lfe ^ 

(c) I'^-r^olZ, *»«*ARWi:^ $ ^ Ts »l3feW#8 1 fc* 
2*W#8 2i:(DIIB(D*ai*Laa)3W*t*#5 0TJifc*#i*4:, 
*PLffl*^?6 0 fc*ttPfcOMa>B**E L 5 0-C3«fe*tl 

7 0©TO7 2Offi*l:i^ *»«*AR^J56*tlfcfc«BfLx 
B^fe3feELfl!>RRIt*BBiftLT«3Wa31*fT-5o 

'-J='«*3tE L©*B*#t?*jaMWtA R+tft» 1 8*ft**ttAGe(D 

* 7 0 o&lt* 7 1 ^ 6 jft»* tifettttco^aiit La1~La5<D^ N g£fc P 
©x „ vSB E i:SI5P©iH 9 IZR* 6 tifcr L, - h SM* 5 7 J:®M<Z>MtM 5 8 13 

l«*ifcl«9ttT*oT, h«M*5 7a>±HfcaMRP(D±iBfctt*ni; 
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A R (D&tt *. «R P U - h«P# 5 7 i:(DlBC»IIB 5 8 
*lTH*#s *tD»M5 8CIH«***lfe*ai*fiLa3l4s »Wi*AR^JIH: 

jSfc*;Le>*i3#x *GD«^ SIS P hS^f-v P S T (Z7f-v5 1 ) 
£<Dmz.m&tmi&2ti* I* 2/-»E5fi«S©*45P±IH±>«a«J*A R 
tiTU*l3'fe«t>&rx WStP©^«lw»it**i**ai3teLa3, La4. La 

^cDH^rs #J!»aiilCONTI±> «RPt$»t5«R7f-S;P S TflJttl 
^tHB-* - * U-^T^tt- 5 5 (BI1#k) (Dwtmmmt, 1/^^55^ 
^^tiS^T— v^W*T©3l«P©Ji'V vfflE (HRM5 8) (D&g'liflBllSo- 

nt. a&ttttfciwai-a-So jiftwi^iix mi*. mytmmtticoT ^ j * > haa 

518^^1333 l\T . $iJiP^SC O N T litHE*^- 2/*aE«*T0)afc*E P >y 5>*SB 
E (WM 5 8 ) ODfiLglf ^^^to^toTlBtt^SM R Y IZfBtt L-Tfc < 0 
fcJ»$l«CONTI±. tfT^tt5 5tJ:«5*«P©(i««««:W-3I!lUooa 
3t«iS-r5o Si^MS*. »J«l««CONTIix ntU5 8*#t**KPG)^'y v 
WEjfi»l3*aj»t. atfIlt^tiTU§frg*^v IBttSHMR YlZiBttStiT 
uSS*5P©a:«yi>*fflJE(Dffi«1f«4#^LT*«JBr^*o tf'Ulis BSBB 5 8I3& 

L a CD3fefitf <£T Ufc 0 ifc 2> lM±»3t* tifc Uttifctf «fe <fe , ft>Jffl£« CON 
Tttx 7 2 U B3fe«tS&«^1-5e C7l-?>-ii[-J;0x 
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*)©*«^6 0t»i«J:ei=B!3e**lTU« o 7*-*^ ii i 3R 7 0tt, 
6 0 Zft L a *g*K P±l:»|tti e Z <D± * *m*lZ± o 

#**B) tt, XYTBIMTOfrTOBfcfcoTSO. **X?6 0<D&MB 
<T*B> «Ht»*kft 3 Ti^ e »»«*AR©»f*5 0J±, **tt*8 

t ©Fb^IZ te t > T s jft l iff*! A R £ tL 3 e 



±ummmmmm. akmmi 1 ^6»a*nfc*m*L a mam 8 

ZtifcJ:*, 7*-*^ffi*7 0tt, »**7 2©ai*f3«^T, 

A R©a*Sj**E L®*»+*ttU*L aa>*B*l;:*(*eft*j (ftfttf*) 

1 8©#^§^iHt-5Z(!iA<7:$2, e 

LTt, i\ L x SB*** p L ©ft*itta%¥X? 6 o «BC J: a \z 
*#«3tX»»T?*» A*7f « 5 fc 1 ME P ±© 7 * h b iix h 

tt+ zmmmtfi* u kttc, TO*©****«»rfii^«>. sts p ©ml 

*«^***PLO^BBC»lt6*iTU*«^B^©BB*3S^r*ftJBt 
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*LT. jftAtfi 9 3nmSjBt©«3t3tELf3Wrs«7K (*) ©®3r*ntt 
1213:1. 4 7-1. 44Mklb*i«Mjfc*EL(D*ifcLTArFi 
4->x>U — (M1 9 3nm) »«P±7?tt1/n. <T&;b 

*>ift1 3 1-1 3 4nmaj»lzffi»*fb**lT*t^*jBt^» 6 * l * 0 JEd. ft 
^Attffift+lZJt^T^nftx rfcfc^iftl . 4 7 — 1. 4 4ftI«l:j£Jt$ 



14s WiliiRai <«ffii&£ x fflWBl:ffi^5^7U-^fe 5 T 

WWII J: 0 bv7 hfr&ft£1-«ttlktt? % £ fcfifc* 5 0 *<DTOt*®tt*fc 
©fgT % tip * 5 Z t #T § 5. e 
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^**0#W-&«»-pj»#5 0ft»fer«J56-ea&3TfeJ:u o C©i:£ N 
#9**»K***PL©H**irart-* 0 j-fefcl,. ^X^MfcMRPfcoH 

x tf . E L F 2 U -1fTM*HK 3© F 2 U L 

fcU©T, C©**. »#5 0 tLTttF a l,-mai™ft«i|fi7 y 
fb ** IJl ^^ (PFPE) *T*oT*JcU 0 ^ 5Q 

mtf$fc3W 6 0 2 *fr© J X)Vi:m» 5 0 ©^XfiSJjR^fr 
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ftti. 1 2 4 8 7 3^$BI^$ffl|i|fitt^^ rfc ^ g= fc> x 

«aft»tfB3fcttftlis fclxtflttMM 0-3 0 3 1 1 4*&«ft>*Sttft5, 8 
2 5, 04 3 l3»MI3lBtt**iT:i3 0 , **i*ft*B*tiiBT?»je*fcttaiR* 

>*«B3fc«*^*:7- 7>K • X + t>7jaffi^lS^i 
>**yy/T) (Dffel^ s ^❖MfcBBPfctBitUfcttBT^^MfflW- 
>*-JSB3teU »RP«:«a7f'y^lttm^T»7.7>K ■ 'J tf— K 

vm<D®xmm<DM&Rzfm%®mt. mtummw- 1 o - 1 e 3 0 9 9^1/ 

WBT1 0-2 1 4 7 8 3f (MA»KBtt»6. 341, 007. 6, 400, 
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Fig. 6 
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